Listeria monocytogenes was recognizing as a causal agent of human and animal listeriosis more than 70 years ago. However, L. ivanovii have not been frequently associated with the human illness, being a recognized animal pathogen. In both cases, the infections occur through contaminated food consumption. The main objective of this work was to determine the frequency of isolation of Listeria sp in different common foodstuffs at distinct states of Colombia, from August 2002 to August 2005. One thousand four hundred eighty one (1481), food samples (cattle meat, poultry carcass, poultry meat, goat milk, cow milk and several types of cheeses) were assayed. For genus identification, conventional culture methods and presumptive tests were use. Multiple-PCR employing L1-U1/LF-LR primers allowed distinguishing between L. monocytogenes and the other species. Species were discriminated by biochemical tests and sugar fermentation assays. Listeria spp, was detected in 16% of samples. The general frequency by states was 2.2, 13, 26 and 0% for L. monocytogenes, while the frequency of L. innocua was 1.6, 0.4, 0 and 2.4%, both in Norte de Santander, Cundinamarca, Boyacá and Córdoba respectively. L. ivanovii was isolated in 15% of the samples from Córdoba. The 9.4% of L. ivanovii isolations were resistant to antibiotics, suggesting the possible transfer of resistance genes. Listeria spp., circulates in food products of these regions of the country, and in spite of the still discrete sample analyzed in this study, it represents a risk for the animal and public health as well as trade of foods products of animal origin.
INTRODUCTION
Both L. monocytogenes and L. ivanovii are the only pathogenic members of the genus to which other four species such as L. seeligeri, L. innocua, L. grayi, and L. welshimeri belong. L. monocytogenes has been the cause of outbreaks or sporadic cases of listeriosis in humans and has also been associated with invasive infections in more than 40 species of mammals and birds (Nightingale et al., 2005) . L. ivanovii infect ruminants, and rarely has been implicated as causal agent of listeriosis in humans (Elischerova et al., 1990; Cummins et al., 1994; Snapir et al., 2006) . Almost 99% of the listeria infections have been attributed to the ingestion of contaminated food, principally ready to eat products (Johnson et al., 2004; Barholin et al., 2005) . Probably the other 1% corresponds to newborn infections, produced by the transmission of the bacteria through the infected mother or by nosocomial infections.
In humans, L. monocytogenes can affect the central nervous system, leading to death or generating neurological sequels, whereas the noninvasive form of the disease causes gastrointestinal syndrome. Although, illness could be develop in apparently healthful people, in addition, there are especially sensitive groups like the newborns (Laciar et al., 2000) , the pregnant women (Salazar et al., 2001) , old and immunologically suppressed people . The mortality rate of this disease oscillates between 20 and 30% (Korkeala and Siitonen, 2003) . The clinical forms of the disease vary according to the infected group and the most common manifestations are meningitis, meningoencephalitis, septicemia, abortion, prenatal infection and gastroenteritis. In sporadic outbreaks and epidemics, a great variety of foods has been implicated as vehicles. Among these are milk, cheeses, meat of cattle, pork meat, poultry meat, vegetables, sea products and particularly the ready to eat products (Kells and Gilmour, 2004) .
Few cases of human infections caused by L. ivanovii have been detected (Ivanov, 1962) . Up to now three cases has been reported, an AIDS patient (Cummins et al., 1994) , a placenta infection in a post-childbirth (Elischerova et al., 1990) and recently a 64-years-old male patient with liver metastatic carcinoma (Snapir et al., 2006) . In this sense, it is important to take into account the sub-diagnosis problems. L. ivanovii has a specific tropism towards the ruminants, especially the smaller members, causing abortions, septicemia and enteritis. Unlike the encephalitis produced by L. monocytogenes, L. ivanovii attack animal uterus (Low and Donachie, 1997; Chand and Sadana, 1999; Vázquez et al., 2001 ). The microorganism can generate local lesions like mastitis, endocarditis, enteritis, querato-conjuntivitis, miocarditis and iritis (Lessing et al., 1994; Ramage et al., 1999) .
The mastitis in bovines usually appears like sub-clinical or supurative infection and is responsible in some cases for Listeria spp., isolation in milk neutrophil. Few cows suffer of chronic mastitis because of Listeria spp., but in such cases, the microorganism is eliminated in concentrations of10 3 CFU/ml from feces or milk (Wesley, 1999; Belalcazar et al., 2005) . Both human and animal listeriosis, are classified as a food-transmitted disease (McLauchlin, 1997) . Epidemiological studies have demonstrated that cattle probably become infected, through contaminated water and silage consumption, secretions and excretions from other animals in the farm (Oliver et al., 2005) . L. monocytogenes could infect several species of animals, ruminants in most of cases, pigs with smaller frequency, while poultry are generally healthy carriers. Animal listeriosis can take place sporadically or in epidemic form, but in both cases, it generates a high economic impact. Bovine listeriosis highlights the roll of animals in the zoonoses, because of direct contact between the human and the infected cattle, during parturition or by the ingestion of contaminated foods (Belalcazar et al., 2005) .
Nevertheless, the relative importance of the zoonotic transmission of listeriosis is not clear yet, being more important for public health and for food contamination (Wesley, 1999) . On the other hand, the ubiquity of Listeria spp., allows its entrance to the food-processing environment.
Additionally the capacity for growth at refrigeration temperatures, increase the risks. In Colombia from 1992 few cases of L. monocytogenes infection has been reported, possibly because of subdiagnosis (Crespo et al., 1999; Sánchez et al., 2001 ).
The most alarming factor of listeriosis is not the frequency of infection but the hospitalization rate (90%) that surpasses most of the pathogens related with food transmitted diseases, and the high mortality rate in humans and animals, in spite of the antimicrobial treatments already established for both cases .
Recent studies indicate that contaminated foods are the main route of listeriosis transmission, involving meats, poultry meat and milk-derived products. Cheeses are considered the most frequently product, involves in human illness, while silage is more important for animal Belalcazar et al., 2005) .
From the farming point of view, listeriosis generates increases in the animal production costs, because of disease, infertility and abortion rates. Nevertheless, the main problem is associated with the food industry security and the public health. However, the ubiquity of Listeria spp., the extreme conditions tolerance, the high proportion of asymptomatic human carriers (6%) and the persistence of isolations into different food elaboration environment, make difficult the elimination of Listeria spp., from the food chain (Kathariou, 2002) .
Taking into account the interest that control of Listeria spp., generates, it is necessary to identify reservoirs, contamination sources and to undertake the continuous search for the pathogen in foodstuffs and localities where it has not studied. This will allow harvesting and storing of isolates for future epidemiologic characterizations. On the other hand, it is essential to manage a reliable diagnosis of products in order to produce reliable prevalence data of L. monocytogenes and L. ivanovii in Colombia. This study was undertaken to evaluate the frequency of Listeria spp., isolation in common foodstuffs in different states of Colombia. (Vergara, 2004; Gallego et al., 2003; Rueda, 2005; Blanco and Villamil, 2006; Carrascal et al., 2007) . All the samples were collected randomly from street markets. Isolation of presumptive Listeria spp., strains: According to the technique described by the INVIMA (Instituto Nacional de Vigilancia de Medicamentos y Alimentos) Palcam broth (Oxoid) media was used, for selective enrichment of samples. Palcam and Oxford agar (Oxoid), were used as differentials culture media were and were incubated at 30°C. L. monocytogenes (ATCC 1915) was employed as positive control for the isolation of the presumptive strains, .
MATERIALS AND METHODS

Samples
Isolation in selective culture media: All the samples were plated on Palcam agar, supplemented with the selection additive 150E (10 mg/l polymyxin B, 20 mg/l ceftazidime), and Oxford agar, supplemented with selection additive SR0 140E (400 mg/l cycloheximide, 20 mg/l colistine sulphate, 5 mg/l acriflavine, 2 mg/l cefotetan, 10 mg/l fosfomycin), and incubated at 36 ± 1ºC for 48 hours. Cultures corresponding to the first sub-enrichment plates, were plate in a second sub-enrichment plate, and were also incubated at 36±1°C by 48 hours until isolated colonies were obtained. Presumptive test: Esculine positive colonies were plate on TSYE agar and incubated at 36±1ºC during 24 hours. Colonies were observed by Henry's illumination method. The presumptive colonies for Listeria spp., were also tested by Gram, catalase production, TSI/H 2 S, citrate and urease production (Hitchins, 2003) .
Genomic DNA extraction, quantification and visualization: Presumptive Listeria spp., isolations were cultivated in Columbia broth (special nutritional substrate 23 g/l, starch 1g/l, NaCl 5 g/l, agar-agar 15 g/l) for 12 hours at 37°C and at 250 rpm. One milliliter of culture was centrifuged for 10 minutes, at 2000 rpm. Cells were washed in TE 1X buffer (Tris-HCl 10mM, EDTA 1mM pH 8.0 ± 0.2). Pellet was incubated in 200 μl of TE 1X buffer with 2 mg/ml of lysozyme for 30 min at 37 o C for cell lysis. 300 μl of TE 1X buffer with 1% (w/v) of SDS and 100 μg/ml of proteinase K were added; the mixture was incubated at 65 o C during 1 hour for protein degradation. Residual peptides and lipids were removed by adding 84 μl of NaCl 5M and 60 μl CTAB (CTAB 10% (w/v) dissolved in 0.7M of NaCl), for 20 min at 65 o C. The resultant suspension was treated with a 24:1 mixture of chloroform/isoamilic. The aqueous phase was then treated with 2-propanol to precipitate cell DNA (Petrone et al., 1994) .
The DNA was washed in 70% (v/v) of ethanol and suspended in TE 1X buffer. DNA purity and concentration were assayed in a Biospec 1601 Shimadzu spectrophotometer (260/280nm) with background correction at 320 nm (Sambrook et al., 1989) . The extracted DNA and PCR reaction products were separated electrophoretically in 1% (w/v) agarose gel, prepared in 1X TAE buffer (40mM Tris-acetate, 1mM EDTA pH 8.0 ± 0.2). Gels were stained with etidium bromide 5 μg/ml. 120 volts were then run through the preparation for one hour. Gels photograph were taken under ultraviolet light. 100pb Ladder (Invitrogene TM) was used as molecular size marker (Sambrook et al., 1989) . for eight minutes (Bansal, 1996; Sambrook et al., 1989) . Multiplex-PCR was previously validated and compared with the Gold Standard method (ISO 11290-1) (Sambrook et al., 1989) . Listeria spp., identification: Species of the genus, different from L. monocytogenes were identified by API-Listeria (Biomeroux, Lyon, France) and sugar fermentation (ramnose, xylose and mannitol), respectively.
L. ivanovii antibiotic susceptibility test:
To detect the antimicrobial susceptibility of isolates, the Kirby-Bauer method was used (Bauer et al., 1966; Vela et al., 2001; Wikler et al., 2006) . The assayed antibiotics disc (Oxoid Limited, England) were ampicillin 10 μg (A10), penicillin G 10U (P10), erythromycin 15 μg (E15), streptomycin 10 μg (S10), chloramphenicol 30 µg (C30), gentamycin 10 µg (CN10) and vancomycin 30 µg (VA30).
RESULTS
Presumptive test reported 237/1481 positive isolations, representing a frequency of 16%.
Multiplex-PCR detected 123/1481(8.3%), positive for L. monocytogenes isolations through the amplification of 938bp and 750bp DNA fragments, which belonged to the identified genus and species respectively. The rest 7.7% isolations (114/1481) amplified only the 938bp fragment, suggesting that these were Listeria genus ( Figure I) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 pb 1500 938 750 500 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 pb 1500 938 750 500 The general food frequencies were: beef 3.3% (4/120) for Listeria spp., and 0.8% (1/120) for L. monocytogenes. In contrast, L. monocytogenes was isolated in 64/348 samples of poultry meat, meaning a frequency of 18.4%. The frequency of Listeria spp., in milk was 3.4% (15/440) and L. monocytogenes was 9.6% (42/440). The general frequency in cheeses (including cuajada) was 8.2% (47/573) for L. monocytogenes, 5.6% (32/573) for L. ivanovii, and 5.6% (32/573) for the rest of Listeria spp.
The discrimination within food groups (cattle meat, milk, cheeses and poultry meat) appears in table 1. The frequencies of Listeria spp., distributed by states appears in figure II.
L. ivanovii antibiotic susceptibility test showed that majority of strains (29/32, 90.6%) were sensible to assayed antibiotics, and that 9.4% were resistant to penicillin 10U, erythromycin 15 μg and streptomycin 10 μg. No cases of multiple antibiotic resistances were detected.
DISCUSSION
The application of conventional techniques such as macroscopic and microscopic colonies morphology observation and the others referenced before, allowed the presumptive identification of Listeria spp. On the other hand, the Multiplex-PCR, using L1-U1/LF-LR was chosen for L. monocytogenes and Listeria spp., identification, because of resolution of amplified fragments, and the sensitivity and specificity reported in previous validation assay . Primers used in this work allowed the identification of L. monocytogenes and Listeria spp., isolates as expected (Bansal, 1996; Poutou et al., 2005) . In contrast, some other PCR techniques proposed, like Real Time PCR are expensive. If the main object is a routine assay, others techniques, generate close molecular size fragments (depending on primers chosen), making the resolution of the genus and species bands difficult (Burbano et al., 2003) . PCR has the advantage of allowing a fast diagnosis, which is an important characteristic in the study of samples simultaneously colonized by pathogenic and nonpathogenic members of the genus and other bacteria geniuses. Different mechanisms of bacterial colonization employed for survival and environmental condition resistance may generate interferences for L. monocytogenes recovery when using conventional method. There fore, the 938bp fragment amplification allowed for the prevention of cross-reactions with pneumolysin and streptolysin O, from some strains of Streptococcus pneumoniae and S. pyogenes respectively . As expected, L. monocytogenes ATCC 19115 amplified both fragments (938bp) of the 16S rDNA and the 750bp of hlyA coding gene for listeriolysin O (LLO). L. innocua only amplified the band of 938bp related with the genus.
In the present study, 16% of samples were positive for Listeria spp. In beef, the frequency was 3.3%, lower than Okutani´s results (general estimated about 17.7%) (Okutani et al., 2004) , in contrasted with the general estimated frequency of 7.1% found by Okutani et al. (2004) for L. monocytogenes, and was higher than the finding in this study (0.8%). The frequency of L. monocytogenes isolated in poultry meat was 18.4% and near the range (5-17%) reported by Praakle et al. (2005) and similar to the frequency found by Okutani et al. (2004) . It was however at variance with other studies that reported L. monocytogenes frequencies of between 32-76% (Capita et al., 2001; Vitas et al., 2004; Reiter et al., 2005) .
Contamination during meat processing and those that occur during slaughterer make it difficult to obtain a processed meat, free of the microorganism. Meat contamination with L. monocytogenes is favored by some cultural characteristics, like low temperature tolerance, ability to persist in solid substrate for long periods, as well as in adverse conditions. However, some studies have suggested the bacteria could bedestroyed during food freezing (Díaz and Muñoz, 1994; Gallego et al., 2003; Rueda, 2005) . When the meat is cooked (minimal internal temperature of 65°C), L. monocytogenes growth is inhibited (Hamdi et al., 2003) . Nevertheless, deficient hygienic conditions and inadequate food conservation allow for pathogen growth, promoting cross-contamination of surfaces, employers and utensils. Pathogen growth is also favored in high relative humidity environments.
When comparing samples results from Boyacá (Petrone et al., 1998) and Madrid (Colombia) farms (Matak et al., 2005) , the first state showed a higher frequency of L. monocytogenes. The differences are that samples taken at Boyacá were from tanks, trucks, cattle ranches and street sales, while samples taken at Madrid were from milking sites, limiting the influence of other factors. The contamination level found in goat milk could be attributed to the organic production system (natural feeding) which reduces the risk of Listeria spp., in silage. In addition, the organic acid composition of milk (Muñoz and Díaz, 1996) , the discontinuous and rustic production system employed avoids some contamination sources. The goat milk frequency (1.3%) in this study was lower than frequency of 2.6% for L. monocytogenes, reported by Zaffari et al. (2007) . Listeria spp., detection in goat milk is very important because of goat farming promotion at Norte de Santander, Colombia.
Isolations from cheeses at Bogotá, Pamplona (Colombia) and Caribbean coast showed different Listeria spp., frequencies. Cundinamarca gave a higher frequency results (24.8%) which was however not highly different from those reported by INVIMA ~10 years ago (26.6%) for fresh cheeses (Wagner et al., 2007) . Identification of Listeria spp., in cheeses type campesino was probably due to the high water content (a w ) and pH value higher than 5.5±0.2, which favored bacterium development even during refrigeration storage of the food products. For handmade cheeses, the frequency of Listeria was lower than a Brazilian report of 3.7% for L. monocytogenes and 16% for Listeria spp., (Okutani et al., 2004) . Some studies reported frequencies lower than 10% (Kiss et al., 2006) . Wagner et al. (2007) found 5.5%, Muñoz and Pérez (1998) detected 2.4% and Kiss reported 15.4%, which is near the Brazilian report (Gnanou et al., 2005) . L. monocytogenes was not isolated at Córdoba but L. ivanovii was isolated, probably due to climate characteristic, cattle management and the high concentration of salt added to this type of cheeses. Nevertheless, a ~10 year ago study with costeño cheeses type distributed at Bogotá, reported a frequency of 12 to 17% for L. monocytogenes (Barros et al., 2007) , suggesting that in those cases the pathogen colonized the cheeses by cross-contamination and that its' population increased during product storage and transportation. Some possible explanations for the absence of L. monocytogenes in cheeses type costeños are: low environmental frequency of the specie, or presence of non viable cell, inhibitory effects of fatty acids and bacteriocins, high sensibility to acriflavine and competitive effects of other microorganism or species like L. innocua. L. ivanovii isolations were assayed for antibiotic resistance, since they were associated with only one foodstuff and because of the custom of using antibiotics as growth promoters and for preventive control in cattle farming. Cordoba, is an important cattle zone in Colombia, and the finding of L. ivanovii with 9.4% of antimicrobial resistance to penicillin, erythromycin and streptomycin, and the susceptibility of 90.6% of isolations, calls for clinical, public health and economic attention, taking into account the natural resistance to enoxacin, sparfloxacin, fusidic acid, fleroxacin and perfloxacin that has been reported for L. ivanovii (Troxler et al., 2000) . On the other hand, the susceptibility to the rest of assayed antibiotics is an important result that encourages their continued use as therapeutic, prophylactic and growth promoting agents in cattle production. Nevertheless, uncontrolled antibiotic use, promote the horizontal and vertical transfer of resistance genes. Additionally, the isolation of non-pathogenic species highlights the need for continues review of animal antibiotic therapy, food production process and hygienic control of food distributing business.
Some authors indicated that underestimation of non-pathogenic members of Listeria genus, such as L. innocua could be an error, because it is an important indicator of L. monocytogenes presence and sanitization quality, although, competition between both microorganisms has been reported. This is the reason, why it is possible to recover L. innocua in higher proportion than the pathogen, indicating that hygienic conditions of processing and/or distributing are not adequate.
The analysis of Listeria spp., by states, showed frequencies for L. monocytogenes between 2.2 and 26%, and for L. innocua between 0.4 and 2.4%, while the frequency of Listeria spp., oscillated between 3.3 and 5.3%. L. ivanovii was exclusive for the state of Cordoba. The frequency by states showed no relationship, but it is important to emphasize that in spite of the low sample number the major isolation of L. monocytogenes was at Boyaca. The distribution of Listeria spp., suggested the influence of the environmental conditions, such as temperature, relative humidity, oxygen pressure, ecological factors on the recovery of different species. In states with cold climate (Boyacá and Cundinamarca) L. monocytogenes was detected in contrast with hot and high relative humidity climate (Córdoba), where it was not possible to detect L. monocytogenes, This could be related to the psicrophylic capacity of the bacterium. The climate of Norte de Santander is hot too but this region is far from the sea, compared to Córdoba, with a low relative humidity, which favors the L. monocytogenes isolation. In Colombia four seasons do not clearly exist and the climatic changes are not drastic, but the thermal floors differ from one region to another. This is why it is important to study diverse zones of the country, in order to establish the actual distribution of the pathogen.
CONCLUSION
The results demonstrated a Listeria spp., contamination frequency of 16% in animal food products produced and commercialized in different geographic zones of Colombia. L. monocytogenes was the most detected species. L. ivanovii was present only in costeños cheeses type. The antimicrobial resistance found in 9.4% of L. ivanovii isolation, suggests further investigation, on a possible transfer of resistance genes. The data from this study could be used for both legislative and pathogen control decisions.
